The time course of the effects of phenylephrine (10 gmol/l) on force of contraction and on inositol phosphates in electrically driven left auricles from rat hearts labeled with [3H] inositol was studied. All experiments were performed in the presence of propranolol (1 ,umol/l) and LiCI (10 mmol/l). Products measured after separation with high-performance liquid chromatography were inositol 1-phosphate (1-IP1), inositol 1,4-bisphosphate (1,4-IP2), inositol 1,3,4-trisphosphate (1,3,4-IP3), inositol 1,4,5-trisphosphate (1,4,5-IP3), and inositol 1,3,4,5-tetrakisphosphate (1,3,4,5-IP4). All inositol phosphates increased after stimulation with phenylephrine. 1,4,5-IP3 was the first compound to rise maximally within 30 seconds; this rise was followed by an increase in 1,3,4,5-lP4 and 1,4-lP2 beginning within 2 minutes. The increase in 1,3,4-1P3 and 1-I1`was slower and did not reach steady state within 15 minutes. The positive inotropic effect of phenylephrine was maximal after 5 minutes. It is concluded that the increase in the presumed second messengers 1,4,5-iP3 and 1,3,4,5-lP4 coincides with the positive inotropic effect after ael-adrenoceptor stimulation. Since the increase in 1,4,5-lP3 precedes the increase in force of contraction, 1,4,5-lP3 may initiate the positive inotropic effect of ael-adrenoceptor agonists and 1,3,4,5 -lP4 maintains the increase in force of contraction. (Circulation Research 1990;66:580-583) T he phospholipase C-induced hydrolysis of phosphatidylinositol 4,5-bisphosphate produces inositol 1,4,5-trisphosphate (1,4,5-1P3) and diacylglycerol.1 1,4,5-1P3 has been shown to mobilize intracellular calcium,1 although it is still a matter of debate whether 1,4,5-1P3 can release calcium from sarcoplasmic reticulum in the heart.2,3 However, it is well established that a1-adrenoceptormediated positive inotropic effect is accompanied by an increased phosphoinositide turnover in the heart of rats and humans.4-7
The time course of the effects of phenylephrine (10 gmol/l) on force of contraction and on inositol phosphates in electrically driven left auricles from rat hearts labeled with [3H] inositol was studied. All experiments were performed in the presence of propranolol (1 ,umol/l) and LiCI (10 mmol/l). Products measured after separation with high-performance liquid chromatography were inositol 1-phosphate (1-IP1), inositol T he phospholipase C-induced hydrolysis of phosphatidylinositol 4,5-bisphosphate produces inositol 1,4,5-trisphosphate (1,4,5-1P3) and diacylglycerol.1 1,4,5-1P3 has been shown to mobilize intracellular calcium,1 although it is still a matter of debate whether 1,4,5-1P3 can release calcium from sarcoplasmic reticulum in the heart.2,3 However, it is well established that a1-adrenoceptormediated positive inotropic effect is accompanied by an increased phosphoinositide turnover in the heart of rats and humans. [4] [5] [6] [7] We have recently shown that the a1-adrenoceptorinduced increase in 1P3 precedes the positive inotropic effect. Tyrode's solution containing (mmol/l) NaCl 119.8, KCl 5.4, CaCl2 1.8, MgCl2 1.05, NaH2PO4 0.42, NaHCO3 22.6, Na2EDTA 0.05, ascorbic acid 0.28, and glucose 5.0, gassed with carbogen and maintained at 350 C at a pH of 7.4. Animals were pretreated with reserpine (5 mg/kg i.p., 18 hours before death) to exclude the influence of endogenous catecholamines. After labeling, the auricles were preincubated for 30 minutes with 1 ,umol/l propranolol (Rheinpharma, Heidelberg, FRG) to avoid any interference from 83-adrenergic stimulation. Then muscles were incubated with 10 ,umol/l phenylephrine (Boehringer, Ingelheim, FRG) and 10 mmol/l LiCl (Merck, Darmstadt, FRG). Thereafter the muscles were fro- Figure 1 shows typical elution profiles of inositol phosphate separation by HPLC of two rat left auricles in the absence and presence of phenylephrine (10 ,mol/l, 5 minutes). First, inositol was eluted with water, and then inositol phosphates were separated with a gradient of ammonium formate. The peak appearing at about 12 minutes is glycerophosphoinositol followed by inositol phosphates. All inositol phosphates increased after stimulation with phenylephrine (10 ,umol/l, 5 minutes).
The time courses of force of contraction and inositol phosphates in the absence and presence of phenylephrine (10 gmol/l) are shown in Figure 2 .
The increase in 1,4,5-IP3 could be detected at 30 seconds, amounting to about 166% of control ( Figure  2C ). It remained at this level for 5 minutes and was followed by a decrease. The increase in 1,3,4,5-1P4 ( Figure 2D ) was significant at 2 minutes (126% of control), reached a maximum at 5 minutes (233% of control), and was followed by a slight decrease. The increase in 1,3,4-IP3 ( Figure 2E ) began at 5 minutes, amounting to about 145% of control, and constantly rose thereafter without reaching equilibrium within 15 minutes. 1-1P1 and 1,4-IP2 (Figures 2A and 2B) rose constantly without reaching equilibrium. The phenylephrine-induced positive inotropic effect reached a maximum at about 5 minutes and remained constant thereafter ( Figure 2G) . Thus, the increase in 1,4,5-IP3 preceded the increase in force of contraction, whereas the increase in 1,3,4,5-1P4 and the increase in force of contraction revealed about the same time course.
In Figure 2F , 
Discussion
This study shows that an a,-adrenoceptormediated increase in 1,4,5-IP3 precedes the positive inotropic effect in the heart. The increase in 1,4,5-IP3 is followed by an increase in 1,3,4,5-1P4 and 1,3,4-IP3.
Stimulation of a,-adrenoceptors in the heart leads to a positive inotropic effect, which has been explained by an increase in slow calcium inward current9 and an increase in calcium sensitivity of the contractile proteins.10 Moreover, it has been attributed to an increased phosphoinositide turnover. 4 
